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FOREWORD

Thi s Techni cal Manual , S9310- AQ SAF-010 of 20 May 03 uncl assifi ed
publ i cati on.

This manual applies to all Navy and Marine Corps activities and
all lithiumbattery powered devices intended for use or
transportation on Navy facilities, submarines, ships, vessels and
aircraft. Material to which this manual applies includes al
primary (non-rechargeabl e) and secondary (rechargeabl e)
(rechargeabl e), active, thermal and reserve lithiumbatteries,
including “lithiumion” batteries and all equi pnent powered by
[ithium el ectrochem cal power source(s) through all phases of the
life of such systens.

The purpose of this manual is to establish safety guidelines for
t he selection, design, testing, evaluation, use, packaging,
storage, transportation and disposal of |ithiumbatteries.

Al errors, om ssions, discrepancies and suggestions for

i nprovenents to NAVSEA technical manuals shall be reported to
Commander, Naval Surface Warfare Center, Port Huenene (see
Appendi x B) on NAVSEA Techni cal Manual Deficiency/ Eval uation
Report, NAVSEA Form 4160/1. To facilitate such reporting, three
copi es of NAVSEA Form 4160/ 1 are included at the end of this

t echni cal manual

This publication is stocked at the Customer Service,

St andar di zati on Docunments Order Desk, Defense Printing Service
(see Appendix B). U S. CGovernnent agencies desiring copies of
this publication should refer to NAVSUP Pub 2002, Navy Stock Li st
of Publications and Forns, for stock nunber assignnment and

requi sitioning publications.
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CHAPTER 1
GUI DELI NES AND REQUI REMENTS FOR LI THI UM CELLS AND BATTERI ES

1.1 | NTRODUCTI ON.

1.1.1 Lithiumcells and batteries. Lithiumcells and batteries
of fer many advant ages conpared to other power sources. However,
t hey are high-energy devices and shall be considered hazardous at
all times. The Departnent of the Navy has adopted a Lithium
Battery Safety Programto minimze hazards associated with their
use.

1.1.2 LithiumBattery Safety Program The Lithium Battery
Safety Program as required by NAVSEA Instruction 9310. 1,
addresses lithium batteries proposed for use in a specific
systens or device. It includes several distinct steps:

1.1.2.1 Preparing and submtting a safety data package.
Preparing and submtting a safety data package as described in
paragraph 1.2.1.

1.1.2.2 Conducting and Reporting Safety Testing. Conducting and
reporting safety testing of the lithiumbattery. This testing is

described in detail in Chapter 2. Sonme small, commercially
avai l abl e cells and batteries are exenpt fromtesting, as
described in paragraph 1.2.2. Sonme small, comrercially avail able

batteries used in Cormercial Of The Shelf (COTS) el ectronics and
equi pnent are previously authorized, as described in paragraph
1.1.3.

1.1.2.3 Safety Evaluation and Determ nati on of Approval. Safety
eval uation and determ nati on of approval, design change(s) or

di sapproval by the Commandi ng O ficer, Naval O dnance Safety and
Security Activity (NOSSA). Lithiumbattery safety approval is
specific to the battery design and system or device described in
the safety data package and the safety test report. Approval is
not transferable to other applications w thout specific review

1.1.3 LithiumCells and Batteries Used in Equi pnent. Lithium
cells and batteries shall be used only in approved equi pnent.
They shall not be pierced, cannibalized, nutil ated, punctured,
crushed, dropped, dismantled, short circuited, exposed to high
tenperatures, incinerated, or nodified. Primary (non-
rechargeabl e) types of lithiumcells and batteries shall not be
charged or recharged.

1.1.4 LithiumBattery Applications. Lithiumbattery applications
shall conply wth the instructions contained herein regarding
desi gn, acquisition, use, packaging, storage, transportation, and
di sposal
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1.1.5 Reporting All Ventings, Accidents, and Incidents. Al
ventings, accidents, and incidents involving lithiumbatteries
shal |l be reported in accordance with (I AW the current version of
OPNAVI NST 5102.1, “Mshap Investigation and Reporting.” Reports
shall also be sent to Naval Ordnance Safety and Security Activity
(see Appendi x B)

1.2 SELECTI ON AND REVI EW

1.2.1 Program Managers. Program Managers antici pating the use
of lithiumcells and batteries shall submt a letter requesting a
lithiumbattery safety review early in the design process to
NOSSA; or to Naval Surface Warfare Center, Carderock Division or
Crane Division as directed by NOSSA | AW NAVSEA | nstruction 9310.1
(see Appendix B of this docunment for addresses).

1.2.1.1 Request Letter. This request letter shall:

1.2.1.1.1 Explain why a lithiumcell and/or battery is needed,
1.2.1.1.2 Ildentify platform(s) (Naval facilities, submarines,
shi ps, vessels, and aircraft) that will carry or deploy the
system

1.2.1.1.3 Be submitted on |letterhead; and

1.2.1.1.4 Be signed, serialized and dat ed.

1.2.1.2 Submitting Request Letter. This request |letter may be

submitted electronically via electronic mail (enmil) or conpact
di sk (CD).

1.2.1.3 Sanple Request Letters. Sanple request letters are
provi ded i n Appendi x C.

NOTE

Any lithium battery proposed for use or carriage aboard
submarines shall be approved by NAVSEA SEA-O7T.

NOTE

Any lithium battery proposed for use or carriage aboard
aircraft shall be approved by NAVAIR AIR-4.4_.4_.1.

1.2.2 Data Package. A data package describing the follow ng
itens shall be submitted as an enclosure to the request letter of
1.2.1.1. Information not readily available may be so noted and
omtted fromthe data package; omtted i nformati on deened
critical shall be obtained during the Safety Revi ew Process.

1-2
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1.2.2.1 Proposed Battery Design.

1.2.2.1.1 WManufacturer (nanme, address, phone nunber)
1.2.2.1.2 Mdel Nunber and/or Part Numnber

1.2.2.1.3 Electrical description (voltage, anpere-hour capacity,
el ectrical safety devices integral to the cell/battery, and
nom nal | oad profile)

1.2.2.1.4 COperating life (shelf life and functional life)

1.2.2.1.5 Physical dinensions and description (weight, size,
geonetry, nunber of cells, battery housing description)

1.2.2.1.6 Marking indicating battery chemstry

1.2.2.1.7 Thernmal battery case tenperature (include
specification requirenents and actual battery perfornmance;

i nclude conplete tenperature profile fromactivation to battery
cool down [this is normally beyond specification life])
1.2.2.1.8 Thernmal battery cool down tine

1.2.2.1.9 Thernmal or reserve battery nethod of activation

1.2.2.1.10 Cell and/or battery yield pressure (if unvented,
batt ery/ housi ng room anbi ent yield pressure)

1.2.2.1.11 Al applicable Material Safety Data Sheets (MSDS)
Product Information Sheets, or equival ent docunent

1.2.2.1.12 Cell failure node (Indicate whether a single cel
failure can cascade into nmultiple cell failures.)

1.2.2.1.13 Rated cycle-life (vs. DOD) and the nean-ti me- bet ween-
failures (MIBF) for the cell/battery (for rechargeabl es only)

1.2.2.1.14 Discharge and recharge rates for the battery
(Indicate the limting discharge/ charge rates for rechargeabl es

only.)
1.2.2.2 LithiumBattery-powered Equi pment Descri ption.

1.2.2.2.1 Manufacturer (nanme, address, phone nunber)

1.2.2.2.2 Mddel nunmber and/or Part Number and devi ce nane

1-3



S9310- AQ SAF- 010

1.2.2.2.3 D agramof the systemis overall nmechanical interfaces
showi ng battery proximty to other equi pnent and energetic
devi ces

1.2.2.2.4 Battery installation (nounting, seals, electrical
connect ors)

1.2.2.2.5 Battery housing/container, strength, and free vol une

1.2.2.2.6 Safety features or venting mechani sns (description and
estimate of operational venting pressure)

1.2.2.2.7 Current drain (load profile of the systen

1.2.2.2.8 Block diagramof systeminterfaces to the battery
(el ectrical and physical)

1.2.2.2.9 Electrical schematic (showi ng fuses, bl ocking diodes,
and external power interface)

1.2.2.2.10 Description of the charger and charge control
nmechani sm (Are cells individually equilibrated, or is the battery
charged as a series/parallel string?)

1.2.2.2.11 Description of other controls or nmechanisns to
enhance battery safety, such as a Battery Managenment System
(BMS), software shutdown nechanism etc.

1.2.2.3 Logistics and Operational Use.

1.2.2.3.1 Packaging (How will system battery be packaged?)

1.2.2.3.2 Storage facilities (Howw ||l systenm battery be stored
from purchase to di sposal ?)

1.2.2.3.3 Transportation nethods
1.2.2.3.4 Disposal information

1.2.2.3.5 Operational use scenario (Include a conplete
description of how the systenibatteries will be handl ed and used,
what platform(s) (Naval facilities, subnmarines, ships, vessels,
and aircraft) will carry or deploy the system recovery
operations, nunber of units anticipated to be used, and where
appropriate, the sequence of events before system

use/ activation/ depl oynent, etc.)

1.2.2.3.6 Thermal or reserve battery activation nmethod and
sequence/ failure analysis

1.2.2.3.7 Thermal or reserve battery hang-fire anal ysis

1-4
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1.2.2.3.8 Describe the battery change out/replacenent plan

1.2.2.4 Functional, Environnental and Safety Tests. Functional,
environnmental and safety tests representative of the actual
environnents to be encountered by the conplete end item
(including the battery) performed to date (description of testing
performed, results, and supporting data). Data may include
results frombattery testing conducted by other services or

agenci es, manufacturers, or independent evaluators (e.g.
Underwiters Laboratories (UL)).

1.2.2.5 Safety Testing Program Pl an or Conpl eted Test. Proposed
safety testing program plan or conpleted test results fromthe
specific lithiumbattery safety abuse tests identified in Chapter
2.

1.2.3 Devel opment and Procurenent Actions. |n devel opnent and
procurenent actions, applicable portions of the current issue of
M L- STD- 882 (System Safety Program Requirenents) shall be invoked
by contract. Wen available, summarized results fromthe System
Saf ety Program may be submitted with safety data package
described in 1.2.2.

1.2.4 Configuration Managenent. Activities procuring batteries
for limted of full-scale production shall ensure that
configuration managenent is inposed on the battery AWM L-STD
973 or an appropriate commercial standard, such as |ISO 1007. In
addition to the usual definition, a Cass | change shall be
defined as any change affecting safety characteristics of the
battery, such as cell nmanufacturer, type, nethod of fabrication
insulation, circuit |oad changes, battery packaging, etc. C ass
| battery changes shall be coordinated with the Naval Surface
Warfare Center, Carderock or Crane Division to initiate an
updat ed safety review and approval.

1.2.5 Separate and Distinct Processes. NOSSA safety approval,
non- standard parts approval, qualification to a mlitary
specification, platformconfiguration control procedures, safety
revi ew board concurrences, and are all separate and distinct
processes. Conpl etion of one process does not inply conpletion
of either of the other two processes.

1.3 EXCEPTI ONS.

1.3.1 Exenpted From Testing Requirenents. Certain |ithium
batteries and |ithium battery-powered equi pmrent with the genera
design characteristics described in 1.3.1.1 through 1.3.1.2.2 are
exenpted fromtesting requirenents. However, a request letter

| AW paragraph 1.2.1.1 shall be submitted to docunent the use of
the battery in the system

1-5
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1.3.1.1 Equi prrent Designed for Commercial Use. Equi prent

desi gned for comercial use and procured from comercial sources
carrying approval of Underwiters Laboratory that uses a primary
(non-rechargeable) lithiumbattery of no nore than two identica
cells with a maximumrated capacity of 1.5 anpere-hours per cell
Thi s exenption does not include nodification of UL approved

equi pnment such as replacing a discharged battery with one of a
different chemstry or size.

1.3.1.2 Equi pnent Designed for a Specific Navy Use. Equi pnent
designed for a specific Navy use utilizing no nore than two
identical primary cells with a maximumrated el ectrical capacity
of 1.5 anpere-hours per cell provided:

1.3.1.2.1 No other source of electrical power to the unit
exi sts, or

1.3.1.2.2 The battery is protected from other sources of

el ectrical power by appropriate conbinations of bl ocking di odes
and resistors. This exenption applies to normal repair and

mai nt enance of the equi pnent, including procurenent and storage
of replacenent batteries.

1.3.2 Commercial Of The Shelf El ectronics and Equi pnent Power ed
by Lithiumlon Batteries. The use of Commercial Of The Shelf
(COTrS) electronics and equi pnment powered by lithiumion secondary
(rechargeabl e) (rechargeable) batteries neeting the follow ng
criteria are authorized for use by Naval personnel and on Naval
activities, surface ships, submarines, and aircraft.

1.3.2.1 Batteries. Batteries shall be:

1.3.2.1.1 Cormercially available, UL |isted, unnodified, and used
in the device reconmended by the manufacturer. Modifications to
t he devices may only be made | AW manuf acturers recomendati ons
(addition of menory, etc.);

1.3.2.1.2 Recharged only by devices expressly designed for
recharge of the specific battery in use;

1.3.2.1.3 Conprised of no nore than four cells in series (less
than or equal to 18-volt output);

1.3.2.1.4 Rated for no nore than 100 Watt-Hours (as listed in
manuf acturer’s specification or calculated by multiplying
capacity in anpere-hours by the maxi mum wor ki ng vol tage);

1.3.2.2 Alteration of Batteries. There shall be no attenpt to
open, nmodify, reform or repair batteries, which appear to be
mal f uncti oni ng, or which have been physically damaged.

1-6



S9310- AQ SAF- 010

1.3.2.3 Failed Batteries. Failed batteries shall be returned to
t he manufacturer or properly disposed of in accordance with | oca
regul ati ons.

1.3.2.4 Initial Procurenent. Initial procurenent shall be
reported to NSWC Crane Division (see Appendix B). This data wll
be conpiled to provide a basis for notice and recall in the case
of unexpected incidents. Electronic notification is authorized.
Report shall include the follow ng informtion:

1.3.2.4.1 WManufacturer/brand nane;
1.3.2.4.2 Model identification (nane and nunber);

1.3.2.4.3 Use scenario/environnent (e.g. office conputer or test
set, submarine);

1.3.2.4.4 Point of contact (nane, organization, enmail and phone
nunber) .

1.4 DESI G\.
1.4.1 GCeneral.

1.4.1.1 Battery Selection. Select batteries or cells as snall
as possible to neet the m ssion requirenents.

1.4.1.2 Over-current Device. Each battery used as a power
source shall contain a suitable over-current device. Devices nay
operate to the open-circuit position if the battery is discharged
at an excessive rate (e.g. fuse), or may limt current flowto a
safe level (e.g. Positive Thermal Coefficient (PTC)). Batteries
shall be over-current protected in the ground | ead of each series

string. Each separate circuit shall be protected. |If the
battery is tapped to provide different output voltages, each tap
shall be protected with an over-current device. In primary (non-

rechargeabl e) batteries consisting of series-parallel strings,
each parallel string shall be protected to prevent any
possibility of charging. |If a primary (non-rechargeable) battery
is connected to an external power source, the battery nust be
protected to prevent charging by the external power source.

1.4.1.3 Cell or Battery Vents. Cell or battery vents shall not
be bl ocked. |If potting is essential, ensure that venting wl|
not be obstructed and that potting does not adversely affect
battery thermal nanagenent.

1.4.1.4 Battery Conpartnent. The equi pnent shall be desi gned
with a special conpartnent for the battery. This conpart nent
shall have no interior projections or sharp edges that could
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damage the electrical insulation around the battery. The battery
shall be secured within the conpartnment to resist shock and
vibration to the levels required for end itemuse. A vent path
for the toxic and corrosive vent products shall be designed to
prevent case rupture or undirected venting except in applications
where venting of any kind is not permtted.

1.4.1.5 Power Switches. Power switches in the end itemshall be
selected to prevent accidental battery turn-on. Swtching
devi ces shall not be used in the ground | eg(s).

1.4.1.6 Different Physical Characteristics. Cells of different
physi cal characteristics, chem stries, or electrical paraneters
shall not be used in the sane electrical circuit.

1.4.1.7 Warning Labels. The end itemshall have an external

| abel warning users of the hazards associated with Iithium
batteries and shall be marked | AW contai ner warni ng requirenents
of Code of Federal Regulations Title 29, Part 1910. 1200 (29 CFR
1910. 1200) (Hazardous Conmuni cation Standards).

1.4.2 Active. (Non-rechargeabl e and rechargeabl e)

1.4.2.1 Hernetically Sealed. Al internally pressurized cells
shall be hernetically sealed and constructed so that the case-to-
cover seal is a continuous weld, free from hol es and ot her

i nperfections. The seal between the el ectrode and the cover shal
be of the glass- or ceramc-to-nmetal or equivalent type and free
frominperfections.

1.4.2.2 Safety-Venting Device. Each cell, battery, and battery
conpartment nust incorporate a safety-venting device or be

desi gned and manufactured in such a manner that will preclude a
violent rupture as a result of cell venting. Nothing shall be
done in the design and construction that will degrade the vent.

1.4.2.3 Thermal Protection Devices. Consideration shall be
given to the use of thermal protection devices, which operate to
the open-circuit position at tenperatures of 91°C (194°F) or

| ess.

1.4.2.4 Interchangeable Commercial Batteries. Lithiumbatteries
of two or nore cells that are unique to mlitary equi pnent shal
be constructed so that they are not interchangeable wth
comercial batteries used in consuner products, such as
flashlights or radios.

1.4.2.5 Positive Protection Against Accidental Shorting. Wen
the battery is not installed in equi pnent, the | eads or connector
pl ug shall be taped, guarded, or otherw se given positive
protection agai nst accidental shorting.
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1.4.3 Thernal

1.4.3.1 Inadvertent Activation. Thermal batteries shall be
designed to prevent inadvertent activation fromthe environnental
conditions to which the battery or end item may be subjected
during Fl eet use.

1.4.3.2 Hernetic Seal. Thermal batteries shall be hernetically
seal ed and constructed so that the case-to-cover seal is a
continuous weld, free fromholes and ot her inperfections. The
seal between the electrode and the cover shall be of the gl ass-
or ceramc-to-netal type and free fromi nperfections.

1.4.3.3 Safety-Venting Device. Each battery and battery
conpartment shall incorporate a safety-venting device or be
desi gned and manufactured in such a manner that will preclude a
violent rupture condition. Nothing shall be done in the design
and construction that will degrade the vent.

1.4.3.4 Electrical Initiation Leads. Wen the battery is not
installed in the equipnent, all electrical initiation |eads shal
be short ed.

1.4.3.5 Prevent Overheating. The battery shall be properly
insulated or located to prevent overheating of the system or
t hermal danage to adj acent conponents.

1.4.4 Reserve

1.4.4.1 Inadvertent Activation. Reserve batteries shall be
designed to prevent inadvertent activation fromthe environnental
conditions to which the battery or end item may be subjected
during Fl eet use.

1.4.4.2 Hernetic Seal. Reserve batteries shall be hernetically
seal ed and constructed so that the case-to-cover seal is a
continuous weld, free fromholes and ot her inperfections. The
seal between the el ectrode and the cover shall be of the gl ass-
or ceramc-to-netal type and free frominperfections.

1.4.4.3 Safety-Venting Device. Each battery and battery
cont ai ner shall incorporate a safety-venting device or be

desi gned and manufactured in such a manner that will preclude a
violent rupture condition. Nothing shall be done in the design
and construction that will degrade the vent.

1.4.4.4 Initiation Leads. Wen the battery is not installed in
the equi pnent, all electrical initiation |eads shall be shorted.
The out put |eads or connector plug shall be taped, guarded, or
ot herwi se provide positive short circuit protection.
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1.4.4.5 Bleeder Resistors. Consideration shall be given to the
i ncorporation of internal "bleeder resistors” such that battery
depletion will automatically occur as a result of activation. An
activation indicator should be considered as a part of the
battery design

1.4.5 Rechargeable Batteries.

1.4.5.1 Prevent Charging. Rechargeable batteries shall be
designed to prevent charging by any inappropriate charging
sour ce.

1.4.5.2 Cell-to-Cell Balancing Mechani sms. Consideration shal
be given to including cell-to-cell bal anci ng nmechani sns.

1.5 USE
1.5.1 GCeneral.

1.5.1.1 Approval Not Transferable. Lithiumbattery safety
approval is specific to the battery design and system or device
described in the safety data package and the safety test report.
Approval is not transferable to other applications wthout
specific review

1.5.1.2 Partially Discharged Lithium Battery. Never use a
partially discharged lithiumbattery or cell in a system which
uses nore than one battery or cell. Parallel or series strings
of used batteries containing varied anmount of remaining power can
result in inbalance of the cells and battery or cell ventings.

1.5.1.3 Renoval From Associ ated Equi pnment. Lithiumbatteries
shal |l be renoved from associ at ed equi pnent upon conpl eti on of

useful |ife, packaged | AW paragraph 1.6, stored | AW paragraph

1.7, and disposed of | AWparagraph 1.9. Al exposed term nals
shall be insulated to prevent short circuits.

1.5.1.4 Reporting Accident, Incident, or Ml function. 1In the
event of an accident, incident, or malfunction, either with or
W t hout visible danage to the battery, notify the appropriate

authorities | AWparagraph 1.1.5.

1.5.2 Active Non-Rechargeable. Active Non-Rechargeable (No
addi tional specific coments)

1.5.3 Thernal.

1.5.3.1 Activated But Not Deployed. |If the battery has been
activated but not deployed, allow adequate cool down tinme and
di spose of the battery | AW paragraph 1.9.
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1.5.3.2 Cool Down Tinme. |If the battery has been activated and
depl oyed and if equi pnent recovery is planned, allow adequate
cool down tinme before handling or renoval for disposal |AW

par agraph 1.09.

1.5.4 Reserve.

1.5.4.1 Activated But Not Deployed. |If the battery has been
activated but not deployed, dispose of the battery as soon as
possi bl e | AW par agraph 1. 9.

1.5.4.2 Activated And Deployed. |If the battery has been
activated and depl oyed and if equi pment recovery is planned,
al l ow adequate tinme for battery depletion. D spose of it |IAW
par agraph 1. 9.

1.5.5 Rechargeabl e.

1.5.5.1 Charging System Rechargeable batteries shall only be
charged or conditioned using the chargi ng system described in the
saf ety data package | AW paragraph 1.2.2.2.10.

1.5.5.2 Charging Protocols. Designated charging protocols nust
be followed exactly. Charging reginmes or hardware designed to
"fix" damaged or failed batteries or cells not described in the
saf ety data package shall not be used.

1.5.5.3 Charging System Failure. 1In the event of a known
charging systemfailure, no attenpts shall be nmade to recharge or
reuse the battery.

1.8 PACKAG NG FOR TRANSPORTATI ON.

1.6.1 Basic Packagi ng, Marking and Shi ppi ng Requirenents. For
new lithiumbatteries, the basic packagi ng, marking and shi ppi ng
requi renents inposed by the Departnment of Transportation are
contained in 49 CFR 173.185. 1In addition to the m ni num
requirenments of 49 CFR 173.185, Navy activities using, storing,
transferring, or collecting lithiumbatteries shall:

1.6.1.1 Battery Packagi ng Design D sclosure. Ensure that a
conpl ete battery packagi ng design disclosure is obtained fromthe
supplier of the equipnment or manufacturer of the batteries before
any shi prment.

1.6.1.2 Packagi ng Design Incorporated. Ensure that the
packagi ng design is incorporated in the appropriate acquisition
speci fication, contract, and manual s. Descriptive |anguage shal
be suppl enented by drawi ngs or figures.
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1.6.1.3 Packagi ng Design M nimum Requirenments. Ensure that the
packagi ng design nmeets the m ninumrequirenents contained in ML-
STD-648 and verify that all packaging tests required by 49 CFR
173. 185 have been successfully perfornmed and approved.

1.6.1.4 Ship by "Cargo Only" Aircraft. Ensure that batteries
entered in the supply systemfor organizational or internediate
mai nt enance | evel replacenent are packaged for shipnent by "cargo
only" aircraft, unless the batteries are treated as unregul at ed
per 49 CFR 173. 185.

1.6.2 Non-Conform ng Packagi ng. Packaging not conformng to the
package requirenments listed in 49 CFR 173. 185 nmust be revi ewed by
Naval Weapons Station (NAVAPNSTA) Earle in conjunction with
NOSSA. NAVSEASYSCOM i s authorized to issue a Certificate of
Equi val ency (COE) pursuant to NAVMATI NST 4030. 11 when sati sfi ed,
that the contai ner design proposed will neet equal or nore
stringent requirenments than the requirenents listed in 49 CFR
173.185. Before issuing such a COE, NAVSEASYSCOM wi | | review the
fol | ow ng:

1.6.2.1 Safety Tests Results. Results of the safety tests
prescribed in
Chapter 2.

1.6.2.2 Mndated Overpack. Results of the tests (if conducted)
requi red by paragraph h of 49 CFR 173.185. Either the packagi ng
must pass the tests or a special overpack nmust be used, such as a
DOT 17C or DOT 17H drum (or equival ent) equi pped with a gas-tight
gasket. This special overpack is mandated by paragraph h (3) of
49 CFR 173. 185.

1.6.2.3 Environmental Tests. The environnental tests perforned
on the unpackaged device and t he packaged devi ce.

1.6.2.4 Conplete Design D sclosure. A conplete design
di scl osure of the proposed package.

1. 6.3 Packaging For Disposal. Coordinate packagi ng of new and
used lithium batteries designated for disposal with the |oca
Def ense Reutilization Marketing O fice/ Service and/or the |oca
Mlitary environmental protection branch. Conply with the |oca
hazar dous waste accounting procedures.

1.7 STORAGE. (Revised Organization)

1.7.1 Storage Aboard Submarines. Lithiumbattery storage aboard
submari nes shall be approved by NAVSEA SEA-07T.
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1.7.2 Storage Aboard Aircraft. Lithiumbattery storage aboard
aircraft shall be approved by NAVAIR AIR-4.4.4.1.

1.7.3 Standard Operating Procedures. All lithiumbatteries and
[ithium battery-powered equi pnent shall be stored in conpliance
with the specific requirenments stipulated in appropriate

equi pnent docunents or | AWbase or platformregul ations as
specified in Standard Operating Procedures. Wen such
docunentation is not avail able, the general storage requirenents
listed below shall be followed for Naval shore facilities, ships
and vessel s:

1.7.3.1 Ventilated Shelter. Store batteries in a dry, cool
(bel ow 130°F (54°C)) ventilated shelter out of direct sunlight.

1.7.3.2 Shelter Stowage. Use shelter only for the stowage of a
[ithiumbatteries and equi pnent containing lithiumbatteries.

1.7.3.3 Field Storage. In the field, avoid covering containers
of batteries using a black or dark-colored tarnp.

1.7.3.4 Handling And Movi ng Contai ners. Exercise special care
in handling and noving containers to prevent crushing or
punct uri ng.

1.7.3.5 Storage Aboard Ship or Shore Facilities. Storage

| ocati ons aboard ship or on shore facilities shall have a fire
station in the vicinity consisting of a hose reel with a 1"
supply and fitted with a ML-N 24408 nozzle if possible.

1.7.3.6 Isolated Storage. Isolate the storage area from ot her
hazar dous and conbustible material and use only for the storage
of unused lithiumbatteries or equipnent with lithiumbatteries
i nstal |l ed.

1.7.3.7 Mninum Storage. Keep the battery quantities stored in
an area to a m nimum because the effect of mass storage on the
hazard degree is not known.

1.7.3.8 Inhabited Areas. Lithiumbatteries or lithiumbattery-
power ed equi pment with batteries installed shall not be stowed in
i nhabi ted areas, such as offices, berthing areas, etc.

1.7.3.9 Segregate Battery Storage Areas. Segregate battery
storage areas: new and unused, partially used for reuse, for

di sposal. If stowed in a cargo hold, isolate batteries by using
equi val ent barriers to those used to separate non-conpati bl e
stows of Landi ng Force Operational Reserve Material (LFORM
ammuni ti on.
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1.7.3.10 Marking Storage Areas. Mark area or shelter
appropriately.

1.7.3.10.1 “STORAGE OF NEW LI TH UM BATTERI ES” or “STORAGE OF
EQUI PMENT CONTAI NIl NG NEW LI THI UM BATTERI ES. ”

1.7.3.10.2 “STORAGE OF PARTI ALLY USED LI TH UM BATTERI ES FOR
REUSE” or “STORAGE OF EQUI PMENT CONTAI NI NG PARTI ALLY USED LI TH UM
BATTERI ES. ”

1.7.3.10.3 “STORAGE OF USED LI TH UM BATTERI ES AVWAI TI NG DI SPOSAL. "
1.7.3.11 New And Unused Batteries. Store new and unused

batteries in the original shipping container, original individua
package contai ners, or equival ent packagi ng.

1.7.3.12 Partially Used Batteries. For partially used batteries
i ntended for reuse, protect battery connectors or termnals from
i nadvertent short circuits. Exanples of protection nethods

i ncl ude use of non-conductive tape, term nal plugs, or individua
pl asti c bags.

1.7.3.13 Batteries Amaiting Disposal. For used batteries
awai ting disposal, the followng additional itens apply:

1.7.3.13.1 Establish a renpte collection point and storage area
for used or depleted lithiumbatteries awaiting disposal. Aboard
ships, lithiumbatteries for disposal shall be stowed only on the
weat her decks. Separate batteries awaiting disposal from other
conbustible material.

1.7.3.13.2 Package used or depleted lithiumbatteries awaiting
di sposal or |ithium powered equipment with batteries installed
and awai ting disposal | AW paragraph 1.5.

1.7.3.13.3 Store no nore than 30 | bs. of used or depleted
lithiumbatteries awaiting disposal

1.7.3.13.4 Store used or depleted lithiumbatteries awaiting
di sposal no | onger than 30 days.

1.7.3.13.5 Do not dispose of or transport with normally
gener ated refuse.

1.7.3.13.6 Turn-in or offload all used or depleted lithium
batteries for disposal at the earliest possible time; however, in
no case shall batteries be noved or offl oaded during amunition
or fueling operations.

1.7.4 Hazardous Waste Storage. Permtted hazardous waste
storage areas/facilities
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NOTE:
A PERMITTED HAZARDOUS WASTE STORAGE FACILITY FOR THE STORAGE
OF LITHIUM BATTERIES FOR DISPOSAL MUST BE APPROVED AND
LEGALLY AUTHORIZED BY STATE/FEDERAL ENVIRONMENTAL PROTECTION
GROUPS BEFORE USE.

A permtted hazardous waste storage facility shall neet the
requirenents listed in paragraph 1.7.3. In addition to those
storage requirenments, the permtted facility nust nmeet all other
| ocal, state, and federal requirenents including having a

sui tabl e means to prevent spills fromescaping to the

envi ronment .

1.7.4.1 State Environnental Protection. The permt to store
hazar dous waste shall be applied for through the respective state
envi ronnent al protection group.

1.7.4.2 Permtted storage Hazardous Waste. Once a pernit to
store hazardous waste has been granted, this permt shall govern
the quantities, duration, safe operation, and overall scope of

t he storage area.

1.7.4.3 Custodian of Permtted Storage Facility. The custodian
of the permtted storage facility shall not accept |ithium
batteries which are not packaged and | abel ed | AWt hese gui del i nes
(unl ess prior arrangenents have been made for the receipt of
batteries froma smaller facility, detachnment, or the fleet).

1.8 TRANSPORTATI ON.

1.8.1 Transportation Aboard Submarines. Lithiumbattery
transportation aboard subnmarines shall be approved by NAVSEA SEA-
o7T.

1.8.2 Transportation Aboard Aircraft. Lithiumbattery
transportation aboard aircraft shall be approved by NAVAIR Al R-
4.4.4. 1.

1.8.3 Transportation Wthin DoD. Transportation requirenents
wi thin DoD are covered by Air Force Interservice Manual 24-
204( AFMAN 24- 204/ TM 38- 250/ NAVSUP PUB 505/ MCO P4030. 19/ DLAI
4145.3). Al transportation of lithiumbatteries on mlitary
aircraft must be conducted | AWthe regul ations therein.

1.8.4 Transportation on Public Domain. All transportation of
new | ithiumbatteries on public domain is controlled by federa

| aw regul ati ng shi pnent of hazardous materials. The general
regul ations are stated in 49 CFR 172. 101 and 173.185. Any
deviation fromthe nethods described in the CFR nust be approved

1-15



S9310- AQ SAF- 010

before shipnment in the formof an "Exenption" by the Materials
Transportation Bureau, Research and Special Prograns

Adm ni stration, U S. Departnment of Transportation, Washington, DC
20590.

1.8.5 Transportation of Used Lithium Batteries on Public Domain.
Al transportation of used lithiumbatteries on public domain is
controlled by federal |aw regulating shipnment of hazardous
materials. The general regulation, as stated in 49 CFR 172. 101
and 49 CFR 173.185, permts shipnent of waste lithiumbatteries
to a disposal site by notor vehicle only. The transportation of
hazardous waste is regul ated by 40 CFR 263, which provides for
the proper identification of the transporter and mani festing of

t he waste.

1.9 DI SPOSAL.

1.9.1 At Sea. Routine disposal of batteries at sea is
prohi bited per 40 CFR 220 Sub Chap H

1.9.2 Ashore. Quidelines for disposal of batteries ashore
foll ow

1.9.2.1 Defense Reutilization and Marketing Ofice. Turn into

the local Defense Reutilization and Marketing O fice (DRMO) | AW
Chapter 11 of OPNAVI NST 5090.1 for disposal as a hazardous waste.
Before initiating a lithiumbattery di sposal system consult the
| ocal DRMO and mlitary environnental protection branch to

coordi nate battery information, packaging, quantities, |abeling,

shi ppi ng, and tracking requirenents.

1.9.2.2 Local Mlitary Environnental Branch. |f the |ocal

Def ense Reutilization and Marketing Ofice will not accept the
batteries, contact the local mlitary environnental branch for
di sposal as hazardous waste.

1.9.2.3 Explosive Ordnance Disposal. Under certain emnergency
conditions, if batteries are deened to be too hazardous for
routi ne disposal, Explosive Ordnance D sposal (EOD) shall be
contacted for imedi ate renoval to a safe site.

1.9.2.4 Questions or Problens. Questions or problens regarding
t he packagi ng, transportation, |abeling, storage, tracking, or
contract requirenents of lithiumbatteries for disposal should be
addressed to the NOSSA (see Appendi x B)
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1. 10 EMERGENCY RESPONSE PROCEDURES.

1.10.1 Mshap Investigation and Reporting. Per paragraph 1.1.5
of this docunent, all ventings, accidents, and incidents
involving lithiumbatteries shall be reported in accordance with
(AW the current version of OPNAVI NST 5102.1, “M shap

| nvestigation and Reporting.” Reports shall also be sent to
Naval Ordnance Safety and Security Activity (see Appendi x B)
When possible, failed batteries (in an inert state) and
associ at ed equi pnent should be retained to support failure

anal ysi s.

1.10.2 Equi pnrent Docunents or Base Regulations. Al lithium
batteries and |ithium battery-powered equi prent shall have
energency response procedures stipulated in appropriate equi pment
docunents or base regul ations. Wen such docunentation is not
avai | abl e, the general energency response procedures |isted bel ow
shall be followed for Naval shore facilities, ships and vessels:

1.10.2.1 Leaking Batteries. LithiumBatteries That Have Leaked

1.10.2.1.1 Refer to the MSDS for the battery and respond
accordingly.

1.10.2.1.2 Use personal Protective Equi pnment (PPE) to approach
the battery in this condition. Use chemcally resistant gloves
when handl i ng | eaking batteri es.

1.10.2.12.3 If aliquidis leaking froma lithiumbattery, use
extrene caution during cleanup. The liquid may be a strong acid
or other toxic or flammabl e substance. Strong acids should be
neutralized with baking soda (sodi um bi carbonate) or other

sui tabl e base. To performsuch a neutralization, cover the spil
wi t h baki ng soda, then | ayer an absorbent over the area until the
liquid is conpletely absorbed.

1.10.2.1.4 Sweep up the absorbent and deposit in a strong
doubl ed plastic bag. Place in an appropriate hazardous waste
container. |If the cleanup equipnent is contam nated, discard in
appropriate waste contai ner.

1.10.2.1.5 Place the battery in a strong plastic bag and pack in
an appropriate container. Use enough absorbent in this container
to conpletely absorb all liquid contained in the battery. DO NOT
PACKAGE OTHER BATTERI ES W TH A LEAKY BATTERY. Label the outside

of the container as “HAZARDOUS LEAKI NG LI THI UM BATTERY FOR

Dl SPOSAL. ”

1.10.2.1.6 If any lithiumbattery electrolyte cones in contact
with skin, eyes, nouth, etc., flush with copious anounts of water
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(for 15 mnutes) and report inmmediately to the nedical departnent
for treatnent.

1.10.2.2 Large Container(s). Large Container(s) of Lithium
Batteries That Have Leaked

1.10.2.2.1 Refer to the MSDS for the battery and respond
accordingly.

1.10.2.2.2 Do not attenpt to open or repack the original
cont ai ner .

1.10.2.2.3 Contact the MIlitary Environnmental Protection G oup
or Defense Reutilization and Marketing O gani zati on (DRMO) for
further information.

1.10.2.2.4 |If any lithiumbattery electrolyte cones in contact
with skin, eyes, nouth, etc., flush with copious anobunts of water
for 15 mnutes and report imediately to the nmedi cal departnent
for treatnent.

1.10.2.3 Swollen or Hot LithiumBattery.

1.10.2.3.1 Refer to the MSDS for the battery and respond
accordi ngly.

1.10.2.3.2 If any lithiumbattery feels hot or if the case of

the battery shows signs of abuse or swelling, evacuate the area
and contact Explosive Ordnance D sposal personnel. A battery in
this condition may vent, catch fire, or explode w thout warning.

1.10.2.3.3 Al incidents concerning equi pnent damage or
personnel injury shall be reported to the NAVORDCEN via an
accident/injury form

1.10.2.4 Actively Venting or Fire Involving LithiumBatteries.
Actively Venting Battery, or a Fire Involving LithiumBatteries
(including a fire in a location where lithiumbatteries are

st or ed)

1.10.2.4.1 Refer to the MsSDS for the battery and respond
accordingly.

1.10.2.4.2 Call the Fire Departnent, making sure they know t hat
lithiumbatteries are involved (chem stry, size and vol une).

1.10.2. 4.3 Secure the area.
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CHAPTER 2
SAFETY ASSESSMENT TESTI NG OF LI THI UM BATTERI ES
2.1 | NTRCDUCTI ON.
2.1.1 Scope. This chapter establishes the m ninum safety testing
requirenents for lithiumbatteries and lithium battery-powered

equi pnent when used, stored, or transported on Navy facilities,
submari nes, ships, vessels and aircraft.

2.1.2 Purpose. This chapter specifies the procedures,

equi pnent, and pass-fail criteria for lithiumbattery safety
tests. However, additional tests or test nodifications nay be
necessary because:

2.1.2.1 Additional Tests. A given user conmmunity or a specific
end user mght also require additional tests (i.e. shock,
vi bration, atnosphere, etc.).

2.1.2.2 Supplenmentary Data. Unusual or unique battery or system
desi gns or use scenari os nay necessitate suppl enentary dat a.

2.1.2.3 New Knowl edge. New know edge concerning lithiumbattery
saf ety energes.

2.1.2.4 Additional Test Scenarios. Conpletion of the System
Safety Program Requirenments AWM L-STD 882 may identify
additional test scenarios that are outside the required safety
tests identified in this docunent.

2.1.3 Rationale. Test nmethods and paraneters were selected to
rapidly generate sufficient data supporting a risk assessnent of
a given battery in its systemconfiguration. Tests have been
selected to mnimze cost and schedul e i npacts and still obtain
enough data to effectively support making risk assessnents.

2.1.3.1 Abuses and Abusive Environnments. These test methods use
a conbi nation of common battery abuses and extrenely abusive
environnments to characterize the safety behavior of the battery
during its life cycle.

2.1.3.2 Quantitative Assessnent. Data fromthese tests provide
a quantitative assessnent of the severity of the battery events
and an estimate of the probability of such events.

2.1.3.3 Worst Case Battery Response. These tests provoke the
wor st - case battery response to determne if the response is
accept abl e based on the system and pl atform requirenents.
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2.1.3.4 Battery-Level Safety Devices Bypassed or Excl uded.
Characteri zation of worst-case battery behavior is assured by
conducting sone tests with battery-1level safety devices bypassed
or excl uded.

2.1.3.5 LithiumBattery Safety Testing Experience. The test
nmet hods herein represent a conpilation of over 25 years of
[ithiumbattery safety testing experience from DoD, other
gover nment agencies, foreign governnments and industry.

2.2 PASS-FAIL CRITERIA. An inability of the lithiumbatteries
or lithiumbattery-powered equi pnent to neet the "passing"
criteria does not necessarily result in an automatic rejection of
t he equi prrent for service use. Test units that fail to neet such
criteria will be rejected only if a technical evaluation of the
test results by NOSSA (see appendi x B) establishes that rejection
is the appropriate course of action. The passing criteria are as
foll ows:

2.2.1 Test Unit Criteria.

2.2.1.1 Land: Test unit has a fail-safe vent systemto keep
pressure bel ow 50 percent of the yield pressure of the unit.

2.2.1.2 Surface Ship: Sane as above, except no external fire or
flame.

2.2.1.3 Arcraft: Sane as above, except the use of liquid
cathode lithiumcells and batteries is strongly discouraged. The
| ocation of the cell or battery in the aircraft will be closely
scrutinized, especially regarding the possibility of toxic,
corrosi ve gasses affecting crew nenbers, passengers, or high
priority equi pnment or systens.

2.2.1.4 Submarine: Total containment. Internal pressure shal
stay bel ow 50 percent of the yield pressure of the battery
conpart ment.

2.2.2 System Pressure Relief Mechanism Criteri a.

2.2.2.1 Prevent Pressure Build-up. |If pressure relief
nmechani snms are provided in the system they nust prevent the
pressure (generated as a result of performng the tests in
par agraph 2.3) fromreaching a peak value of 50% of the yield

pressure of the unit. |If the peak pressure falls belowor is
equal to 50 percent of the yield pressure of the unit in all of
the tests, the unit will be considered safe. |If the peak

pressure in any test exceeds 50 percent of the yield pressure of
the unit before venting, that unit will be considered unsafe.
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2.2.2.2 Yield Pressure. |If pressure relief nechanisns are not
provi ded, the recorded peak pressure in any test nust not exceed
50% of the yield pressure of the unit to be considered safe.

2.2.3 Test Specific Criteria. Systemspecific pass-fai
criteria shall be determned during the prelimnary safety data
package review. However, the followng test specific criteria
exist for all applicable battery prograns:

2.2.3.1 Non-rechargeable Active Batteries: Batteries must not
vent in response to the Electrical Safety Device Test described
in paragraph 2.3.4.5.

2.2.3.2 Thernmal Batteries: Batteries nmust not undergo
i nadvertent activation in response to environnmental tests
conducted | AW paragraph 2.3.5.1

2.2.3.3 Liqguid Reserve Batteries: Batteries nmust not undergo
i nadvertent activation in response to environnmental tests
conducted | AW paragraph 2.3.6.1.1

2.2.3.4 Rechargeable Batteries: Batteries must not vent in
response to the Electrical Safety Device Test described in
par agraph 2.3.7.2.5.

2.3 SAFETY TESTS. The following tests are conducted to eval uate
the response of lithiumbatteries and Iithium battery-powered
equi pnent to the test conditions.

WARNING

The following tests can cause violent venting of
batteries with deflagration and fragment hazards.
Appropriate safety precautions shall be observed during
testing.

2.3.1 Test Units. A mninmmof 15 active, 15 thermal,

18 reserve and 18 rechargeable units shall be provided. A test
unit shall consist of a battery inside a conplete system or a
battery inside sufficient system conponents to sinulate the
battery/systeminteractions.

2.3.2 Test Instrunentation. Al tests shall be instrunmented as
described in this paragraph. The m ninumtest instrunentation
for the testing shall include thernocoupl es capable of nmeasuring
and withstandi ng tenperatures up to 800°C, vol tage nonitoring

| eads, power |eads, current sensing equipnent, pressure sensing
equi pnrent and a data acquisition system Al test iterations nust
be docunented using videotape with audio recording. These tapes
will be retained for review and nust be made avail abl e upon
request .

2-3
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2.3.3 Final Report. A full narrative description of each test
will be included in the final report.

2.3.4 Non-rechargeable Active Battery Tests.

2.3.4.1 Constant Current Discharge & Reversal Test. This test
shal | consist of a constant current discharge using a D.C. power
supply. Al internal electrical safety devices shall be bypassed
(shorted), and the discharge shall be perforned at a current
equal to the value of the battery pack fuse. The voltage of the
D.C. power supply shall be limted to 1.1 tinmes the battery open
circuit voltage (OCV). After the battery voltage reaches zero
volts, the discharge shall be continued into voltage reversal at
the sane current for a capacity equivalent to 1.5 tines the

nom nal rated anpere-hour capacity of the battery pack. The total
test duration is defined as the capacity of the battery/cell to
zero volts plus 1.5 tinmes the maxi num publi shed capacity after
reaching zero volts. This test shall be conpleted on three test
units; voltage, current, pressure, and tenperatures shall be
continuously nonitored and recorded. The testing shall be video
recor ded.

2.3.4.2 Short Circuit Test. This test shall consist of shorting
the battery (after all internal electrical safety devices have
been bypassed) through a load of 0.02 ohmor less and | eaving the
| oad attached for not |ess than 24 hours. This test shall be
conpleted on three test units; voltage, current, pressure, and
tenperature shall be continuously nonitored and recorded. The
testing shall be video recorded.

2.3.4.3 High Tenperature Test. This test shall consist of
heating the battery pack at a rate of 10°C-20°C rise per mnute
up to a tenperature of 500°C, maintained until test conpletion.
Test units may be tested with or without internal battery

el ectrical safety devices. This test shall be conpleted on three
test units; voltage, pressure, and tenperature shall be
continuously nonitored and recorded. The testing shall be video
recor ded.

2.3.4.4 Charging Test. This test shall be perforned if a
battery contains parallel strings, or the systemcontaining the
battery is to be connected to an outside D.C. power source. This
test shall consist of charging the battery using a D.C. power
supply. Al internal battery electrical safety devices shall be
bypassed. The battery shall be discharged to renove at |east 50%
of the maxi mum published capacity at a current equal to the fuse
value. The battery shall then be allowed to stand for at |east
72 hours and then be charged at a current equal to the fuse val ue
to 1.5 times the maxi num publi shed capacity. The voltage of the
D.C. power supply shall be limted to the battery pack open
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circuit voltage or to the voltage of the outside source,

whi chever is greater. This test shall be conpleted on three test
units; voltage, current, pressure, and tenperature shall be
continuously nonitored and recorded. The testing shall be video
recor ded.

2.3.4.5 Electrical Safety Device Test. This test shall consi st
of constant current discharge using a D.C. power supply. Al

el ectric safety devices shall be in place and operational. The
di scharge shall be perforned at a current equal to 85-90 percent
of the battery pack fuse value. The voltage of the D.C. power
supply shall be limted to 1.1 tinmes the open circuit voltage of
the battery pack. After the battery voltage reaches zero volts,
t he di scharge shall be continued into voltage reversal at the
sanme current for a capacity equal to 1.5 tines the nmaxi mum
publ i shed capacity of the battery pack. The total test duration
is defined as the capacity of the battery or cell to zero volts
plus 1.5 tinmes the rated capacity after reaching zero volts.
This test shall be conpleted on three test units; voltage,
current, pressure, and tenperatures, shall be continuously

nmoni tored and recorded. The testing shall be video recorded.

2.3.5 Thermal Battery Tests.

2.3.5.1 Unactivated Environnmental Tests. Environnental tests
shal |l be performed (shock, vibration, EM, ESD, HERO and
tenperature-altitude) to denonstrate that no inadvertent
activation or unsafe conditions exist under any unactivated use
scenarios. Tests perfornmed to satisfy other programrequirenents
may be substituted for these tests, subject to the approval NOSSA
(See Appendi x B)

2.3.5.2 H gh Rate Discharge Test. This test shall consist of
conditioning the test unit to the maxi num non-operating
tenperature required by the end item specification, followed by
activation into a | oad equivalent to approximately 80 percent of
the current-carrying capability of the battery sections or of the
fuse value. This test shall continue until the discharge voltage
drops below 1 percent of the peak output voltage. Each battery
section shall be instrunented separately. All battery sections
shal | be discharged sinultaneously. This test shall be conpleted
on three test units; voltage, current, pressure, and battery skin
tenperature shall be continuously nonitored and recorded. The
testing shall be video recorded.

2.3.5.3 H gh Tenperature Test. This test shall consist of
preconditioning the battery to a tenperature of 150°C = 15°C (or
no | ess than 75°C above the maxi mum non-operati onal storage or
operational tenperature condition, whichever is higher, but not
to exceed 175°C) until fully equilibrated. Test units may be
tested wwth or without internal battery electrical safety
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devices. The battery shall be activated within 10 m nutes after
removing the battery fromthe conditioning chanber. Battery

vol tage out puts and surface tenperature shall be nonitored until
val ues have fallen to less than 10 percent of the peak val ues
recorded during the test. Thernocouples shall be placed on a

m ni mum of four |ocations on the battery (header, base, and on
opposite sidewalls). This test shall be conpleted on a m ni num
of three batteries. The testing shall be video recorded.

2.3.5.4 Open Circuit Test. This test shall consist of
conditioning the test unit to the maxi num non-operating
tenperature required by the end item specification, activating
the battery into a no load, and allowng the battery to stand in
this condition until the voltage falls below 10 percent of the
maxi mum observed voltage. This test shall be conpleted on three
test units; voltage, pressure, and battery skin tenperature shal
be continuously nonitored and recorded. The testing shall be

vi deo recorded.

2.3.5.5 Charging Test. This test shall be perforned if a
battery consists of parallel-connected sections or can be
connected to an external power source. This test shall consist
of battery activation (after all safety devices have been
bypassed) followed by discharge to 50 percent of the avail able
rated capacity, at a rate equal to the average m ssion | oad
current. The battery shall then be charged (using a D.C. power
supply) until the battery no | onger accepts the charge. The
charge current will be Iimted to a rate equal to the maxi mum
battery operational current. The charge voltage shall be limted
to the battery open circuit voltage or the external power source
vol tage, whichever is greater. This test shall be conpleted on
three test units; voltage, current, pressure, and battery skin
tenperature shall be continuously nonitored and recorded. The
testing shall be video recorded.

2.3.6 Liquid Reserve Battery Tests.

2.3.6.1 Unacti vat ed.

2.3.6.1.1 Environmental. Environnmental tests shall be perforned
(shock, vibration, EM, ESD, HERO and tenperature-altitude) to
denonstrate that no inadvertent activation or unsafe conditions
exi st under any unactivated use scenarios. Tests perforned to
satisfy other programrequirenments may be substituted for these
tests, subject to the approval of NOSSA Code N311

2.3.6.1.2 H gh Tenperature Test. This test shall consist of
heating the battery inside the unit at a rate of 10°Cto 20°C
rise per mnute up to a tenperature of 500°C. Test units may be
tested with or without internal battery electrical safety
devices. This test shall be conpleted on three units; voltage,
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pressure and tenperature shall be continuously nonitored and
recorded. The testing shall be video recorded.

2.3.6.2 Activated.

2.3.6.2.1 Constant Current Discharge & Reversal Test. This test
shal | consist of a constant current discharge using a D.C. power
supply. Al internal electrical safety devices shall be bypassed
(shorted), the battery shall be activated, and the di scharge
shall be performed at a current equal to the value of the battery
pack fuse. The voltage of the D.C. power supply shall be limted
to 1.1 tinmes the open circuit voltage of the battery pack. After
the battery voltage reaches zero volts, the discharge shall be
continued into voltage reversal at the sane current, for a
capacity equivalent to 1.5 tinmes the maxi mum publ i shed anpere-
hour capacity of the battery pack. Total test duration is
defined as the capacity of the battery/cell to zero volts plus
1.5 times the maxi mum publ i shed capacity after reaching zero
volts. This test shall be conpleted on three test units;

vol tage, current, pressure and tenperatures shall be continuously
monitored and recorded. The testing shall be video recorded.

2.3.6.2.2 Short Circuit Test. This test shall consist of
bypassing all internal electrical safety devices, activating the
battery, shorting the battery through a | oad of 0.02 ohmor |ess,
and leaving the | oad attached for not |ess than 24 hours. This
test shall be conpleted on three test units; voltage, current,
pressure, and tenperature shall be continuously nonitored and
recorded. The testing shall be video recorded.

2.3.6.2.3 (Open Circuit Test. This test shall consist of
activating the battery into a no load and allowi ng the battery to
stand in this condition for a period of tinme to be determ ned
during the prelimnary safety data package review. This test

shall be conpleted on three test units; voltage, pressure and
battery skin tenperature shall be continuously nonitored and
recorded. The testing shall be video recorded.

2.3.6.2.4 Electrical Safety Device Test with H gh Tenperature
Preconditioning. This test shall consist of heating the battery
to the maxi mum unacti vated tenperature required by the end item
specification. The battery shall then be activated and

di scharged at a current rate equal to 80 percent of the fuse
value or at the mssion |load current profile. After the battery
vol t age reaches zero volts, the discharge shall be continued into
voltage reversal at the sane current, for a capacity equival ent
to 1.5 tinmes the maxi mum publ i shed anpere-hour capacity of the
battery pack. The total test duration is defined as the capacity
of the battery/cell to zero volts plus 1.5 tines the maxi num
publ i shed capacity after reaching zero volts. This test shall be
conpleted on three test units; voltage, current, pressure, and

2-7



S9310- AQ SAF- 010

battery skin tenperature shall be continuously nonitored and
recorded. The testing shall be video recorded.

2.3.6.2.5 Charging Test. This test shall be perfornmed if a
battery consists of parallel-connected sections or is connected
to an external power source. The test shall consist of battery
activation (after all internal electrical safety devices have
been bypassed) followed by discharge to 50 percent of maxi mum
publ i shed capacity at a rate equal to 1.5 tinmes the average

m ssion load current. The battery shall then be charged (using a
D.C. power supply) to 1.5 tinmes the maxi mum published capacity.
The charge current will be limted to a rate equal to the maxi num
battery operational current. The charge voltage shall be limted
to 1.1 times the battery open circuit voltage or the externa
power source voltage, whichever is greater. This test shall be
conpleted on three test units; voltage, current, pressure, and
battery skin tenperature shall be continuously nonitored and
recorded. The testing shall be video recorded.

2.3.7 Rechargeable Battery Tests.

2.3.7.1 GCeneral Test Conditions.

2.3.7.1.1 Cycle counts shall begin with the first discharge.
2.3.7.1.2 A standard, non-abusive charge/di scharge cycl e shal
be defined for each battery under test based on the

manuf acturer's recomended guidelines, and this profile shall be
used in the tests descri bed bel ow.

2.3.7.1.3 Each test given in paragraph 2.3.7.2 shall be
conducted on three test units.

2.3.7.1.4 Testing shall be video recorded.

2.3.7.1.5 Voltage, tenperature, pressure, and current (where
appl i cable) shall be continuously nonitored and recorded.

2.3.7.2 Designated Tests.

2.3.7.2.1 Short Crcuit Test. Al safety devices |ocated inside
the battery but external to the cells (such as: fuses, PTCs,

di odes, charge control chips, BM5) shall be disabled or bypassed.
Al'l enbedded, cell-level safety devices shall be left intact.
This test shall consist of shorting the fully charged battery

t hrough a | oad of 0.02 ohmor |ess and |eaving the | oad attached
for not |ess than 24 hours.

2.3.7.2.2 Overcharge/ Di scharge Test. Al safety devices |ocated

inside the battery but external to the cells (such as: fuses,
PTCs, di odes, charge control chips, BMS) shall be disabled or
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bypassed. All enbedded, cell-level safety devices shall be left
intact. This test shall consist of charging the test unit with a
constant current at the maxi mum output rate of the designated
charging source to 1.25 tinmes the maxi num charge voltage |imt
and di scharging the unit using the standard non-abusive di scharge
regime. A mnimmof 20 cycles shall be conducted, unless the
test unit vents, fails to accept charge, or delivers |less than
25% of the manufacturer's published val ue on di scharge.

2.3.7.2.3 Over discharge/Charge Test. All safety devices

| ocated inside the battery but external to the cells (such as:
fuses, PTCs, diodes, charge control chips, BMS) shall be disabled
or bypassed. All enbedded, cell-level safety devices shall be
left intact. This test shall consist of charging the test unit
usi ng the standard non-abusive charge regi ne and di scharging with
a constant current at the maxi num sustai nable output rate for 1.5
times the maxi mum published capacity of the battery. A m ninmum
of 20 cycles shall be conducted, unless the test unit vents,
fails to accept charge, or delivers less than 25% of the

manuf acturer's published val ue on di scharge.

2.3.7.2.4 H gh Tenperature Test. This test shall consist of
heating the fully charged battery pack at a rate of 10°C- 20°C
rise per mnute up to a tenperature of 500°C, nmaintained for one
hour, or until the battery vents. Test units may be tested with
or without internal battery electrical safety devices.

2.3.7.2.5 FElectrical Safety Device Test. This test shall consi st
of charging the test unit at the maxi num output rate of the

desi gnat ed chargi ng source to 1.25 times the maxi num charge
voltage Iimt until the current has decreased by 95% then,

di scharging the test unit at the maxi num sustai nabl e output rate
for 1.25 tinmes the maxi mum published capacity of the battery.

Al electric safety devices shall be in place and operational.

In the event that a battery safety device trips prior to
conpleting the test, resune testing as soon as the device resets.
If the test unit conpletes the 20 cycles, repeat the test with

t he chargi ng source voltage at 1.50 tines the maxi mum charge
voltage limt, then 1.75 times and 2.00 tines, unless the test
unit vents, fails to accept charge, or delivers |less than 25% of
t he manufacturer's published value on discharge during any test
iteration.

2.3.7.2.6 Aging Safety Test. This test shall consist of cycling
the test unit at the manufacturer’s maxi num recomended charge
and di scharge rates and voltages. All electric safety devices
shall be in place and operational. Cycling should be continuous,
unl ess precluded by battery electronics, until the battery
capacity per discharge cycle drops bel ow 50% of the original
capacity or until 0.5 times the rated cycle Iife has been

achi eved (whi chever comes first). Upon conpletion of the aging
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portion of the test, batteries shall be subjected to the Short
Circuit Test | AW paragraph 2.3.7.2. 1.
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APPENDIX A — DEFINITIONS

NOTE: Not all definitions |isted are used in this docunent but

may prove useful in understanding this and other battery rel ated
docunents.

ACTI VE BATTERY: A battery which is designed to deliver

el ectrical power any tine a load is applied; ordinary flashlight
batteries are exanples of active batteries, as are |ead-acid
starting-lighting-ignition (SLI) batteries.

ACTI VATI ON:  The process of naking an el ectrochenical cell or
battery functional. For exanple the process of introducing the
electrolyte into a reserve cell; the firing of pyrotechnics to
make a thermal battery active; or the first charge cycle on a
[ithiumion cell

ANCDE: The reactive material in a battery, which is oxidized
during discharge. The anode is the negative electrode in a
primary (non-rechargeable) or secondary (rechargeable) cell.
Typi cal anodes are reactive netals, alloys, and supporting
matrices containing |ithium

BATTERY: An assenbly of el ectrochem cal cells, which has been
packaged for use. Electrochem cal cells nmay be of either bipolar
or nonopol ar construction.

BATTERY MAGEMENT SYSTEM (BMS): An el ectronic system designed for
a secondary (rechargeable) battery that nonitors the charging
cycle to protect the individual cells of a battery from
overcharging. A BMS may al so be used to control/nonitor

di scharge of individual cells in either a primry (non-
rechargeabl e) or secondary (rechargeable) battery. Al so known as
Battery Monitoring Systens.

Bl POLAR PLATE: An el ectrode construction where positive and
negative materials are on opposite sides of an electrically
conductive plate. The plates are usually stacked in series to
generate a bipolar battery.

BLEEDER RESI STOR A resistor installed in a reserve battery that
w Il discharge the battery at an appropriate rate should the
battery be inadvertently activat ed.

BOBBIN. A cylindrical electrode (usually the positive) pressed
froma mxture of active material, conductive material (such as
carbon bl ack) and electrolyte and/or binder. A centrally |ocated
rod or screen is usually incorporated as a current collector.
Bobbin cells are usually used for |Iow rate applications, because
of the thick cathode construction and relatively | ow el ectrode
surface area.
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"C'" RATE: A unit of neasure of battery di scharge
characteristics. The "C' rate is the discharge of a battery's
nom nal ly specified capacity in one hour. For exanple, for a 10
Ah cell the "C' rate = 10 anperes, a 10 Ah cell at the 2Crate =
20 anperes, and a 10 Ah cell at the 2 rate = 5 anperes.
CAPACI TY: The quantity of electrical charge delivered by a
battery under specific conditions. It is usually expressed in
anper e- hours (Ah).

CATHODE: The reactive material in a battery, which is reduced
during discharge. The cathode is the positive electrode in the
cell. Cathodes can be solids such as manganese di oxi de and
carbon nonofl uoride, liquids such as thionyl chloride, or gases
such as sul fur dioxide. Cathodes nay be pure materials or

m xtures of reactive conpounds and additives. 1In cells with non-
solid cathodes, the term"cathode" is often applied to a solid,
nonreactive current collector.

CELL: An individual unit of a battery consisting of a container,
anode, cat hode, separator, and el ectrolyte.

CHARGE/ DI SCHARGE METHODS: The net hod used to charge or discharge
a battery. The nbst common nethods are constant current,
constant vol tage, constant power, and pul sed current.

CODE OF FEDERAL REGULATIONS (CFR): The formal collection of
regul ations issued by all Departnments of the Executive Branch to
inplenment in detail the | aws passed by Congress.

COMPARTMENT, BATTERY: A separate enclosure in the system
har dwar e, designed specifically to contain the battery.

DEFLAGRATE: To burn or to cause to burn with i ntense heat and
light.

DEPLETED BATTERY: A battery that has been discharged to the
recommended m ni num vol tage and/ or capacity.

DEPTH OF- DI SCHARCGE (DOD): The ratio of the quantity of
electricity, usually expressed in anpere-hours, renoved froma
cell or battery on discharge to its rated capacity.

DI ODE: A sem conductor device, which prevents significant flow
of current in one direction. Diodes are used to prevent
application of charging voltages to batteries that are not
designed to be charged; i.e., primary (non-rechargeable) cells
and batteries. A shunting diode may be used to prevent a battery
or cell frombeing driven into voltage reversal by preferentially
conducting current around that battery or cell.
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DI SCHARGE (DRAIN) RATE: The current flow during discharge of a
cell or battery. It can be expressed in anperes, but is
sonetinmes normalized to rated capacity (see '"C" Rate).

ELECTROLYTE: The conductive material within a battery, which
al l ows charged species to nove between anode and cat hode so t hat
the cell reaction may proceed and ionic current will flow. Most
el ectrolytes are liquid and are solutions of an ionic materi al
(e.g., salts or acids, such as potassium hydroxide or sulfuric
acid) in a poor/non-conductive solvent (e.g., water). Non-liquid
exanpl es are pol yet hyl ene oxi des (PEO) plastics, which have been
doped with lithiumsalts, or various ceram cs or glasses doped
wi th sodiumor |ithium oxides and hydroxi des. Liquid, non-
aqueous electrolytes are limted to nolten, ionic salt m xtures,
whi ch require no additives to inprove conductivity (usually
operated at high tenperatures), or mxtures of coval ent organic
or inorganic solvents, which require the addition of ionic, salt
addi tives.

ELECTRI CAL FUSE: A protective device containing a piece of netal
that melts under heat produced by an excess current in a circuit,
t hereby breaking or opening the circuit.

ENERGY DENSI TY: The quantity of energy stored by a battery per
unit weight or unit volume; typical units include watt-hours per
pound or watt-hours per cubic inch. To be nost useful, energy
densities nmust be neasured at a specific discharge rate and

t enper at ur e.

FULLY EQUI LI BRATED: A battery systemis considered to be fully
equi li brated when both tenperature and voltage are stable for at
| east four continuous hours.

HERVETI C SEAL: An airtight seal, usually rated at cc/sec | eakage
of air or air equivalent helium

HOUSI NG BATTERY: A fully encl osed case and support for the
i nternal conponents of a battery.

LEAKAGE CURRENT: One of several parasitic capacity |oss
mechani snms found in electrochem cal cells and batteries. Conmon
| eakage currents are traceable to comon el ectrical pathways of
noderate resistance that allow the battery cells to discharge.
Such pat hways nay be internal or external to the cell.
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LI THL UM BATTERY: For the purpose of this docunment, [ithium
batteries include all cells or batteries in which Iithiumnetal,
any lithiumalloy, or any formof lithiumin a supporting matrix
serves as the active anodi c conponent.

LOAD PROFILE: An illustration of the power needed froma battery
to support a given system This is usually expressed by graphing
required current versus tinmne.

M SSI ON PONER REQUI REMENT:  The m ni num power required fromthe
battery to conplete a mssion in a given system

MONOPOLAR: A cell construction consisting of one or nore
i dentical electrodes connected to forma single cell.

NOM NAL RATED CAPACI TY: The manufacturer’s advertised capacity
at a given current under anbient conditions.

NON- RECHARGEABLE BATTERY: A battery which is designed to be
di scharged only once; i.e., it is NOT designed to be recharged.
Also called a primary (non-rechargeable) battery.

OVER- CURRENT DEVI CE: A protective conmponent, such as an
el ectrical fuse or a PTC device, that limts current or opens a
circuit if a maximumcurrent |evel is exceeded.

OXYHALIDES: A family of active materials, nost of which are

I iquids, which can serve as cathode reactants and el ectrolytes in
cells and batteries. Typical exanples are thionyl chloride
(SCC ;) and sul furyl chloride (SGd )).

PCSI TI VE THERVAL CCEFFI Cl ENT (PTC) DEVICE: A polyneric or
ceram c el ement which has a very | ow resistance and conducts
electricity with very little loss until a critical tenperature or
current range is reached. Upon reaching a predefined critical
range, the internal resistance of the PTC increases
exponentially, preventing the continued flow of current by the
driving voltage applied. Resistance increase is typically five
to six orders of magnitude over a tenperature range of 25°C. Upon
cooling below the critical tenperature range, resistance of the
PTC device recovers to nearly the same resistance as originally

f ound.

POTTI NG Noun. A supportive material in a battery used to
i mmobi lize cells and connections and protect them under shock
and/or vibration. Verb. The process of surrounding the
individual cells in a battery with a material designed to

i mmobi i ze and support the battery contents.
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PONER DENSI TY: The quantity of power which a battery can deliver
per unit weight or unit volume; typical units include watts per
pound or watts per cubic inch. Power density per se does not
describe how long a battery can sustain a given power output.

Pul se capabilities may create artificially high power density
rating, while sustained power rates are linmted by excessive

pol ari zati on and heati ng.

PRI MARY ( NON- RECHARGEABLE) BATTERY: A battery which is designed
to be discharged only once; i.e., it is NOT designed to be
recharged. Al so called a non-rechargeable battery.

PRI SMATIC. An el ectrode construction consisting of parallel flat
pl at es.

RECHARGEABLE BATTERY: A battery in which the el ectrochem ca
reaction is thernodynanmically reversible and is designed to be
recharged after use. Commobn secondary (rechargeable) batteries
i nclude the | ead-acid, nickel-cadmumand [ithiumion batteries
common to many consuner products. My also be referred to as a
secondary (rechargeabl e) battery.

RESERVE BATTERY: A battery, which is stored in an inactive state
such that sone activation process nust occur before use.
Activation may be a manual process such as pouring electrolyte
into a dry battery, or it may be autonmated as when the

el ectrolyte is forced into the cell stack from an externa
reservoir. Added expense of manufacture and reduced energy
density generally result in reserve system being specially

devel oped for the application in which it will be used. The two
mai n categories of lithiumreserve batteries are liquid reserve
and thermal batteries.

ROOM AMBI ENT CONDI TI ONS: Tenperature = 25+5°C, pressure = 29+2
inches Hyg, humdity (RH) = 30-90 percent.

SAFETY DATA PACKAGE: A collection of information about a battery
and the systemit will be used in. The required elenents of a
safety data package are listed in Paragraph 1-2 (a) of this
docunent .

SECONDARY ( RECHARGEABLE) BATTERY: A battery in which the

el ectrochem cal reaction is thernodynamically reversible and is
designed to be recharged after use. Comon secondary
(rechargeabl e) batteries include the |ead-acid, nickel-cadm um
and lithiumion batteries comon to nany consumer products. My
al so be referred to as a rechargeabl e battery.

SELF- DI SCHARGE: A parasitic reaction, which occurs in al
battery systens to some extent, which reduces the avail abl e
capacity of the battery or cell during sone internedi ate storage.



S9310- AQ SAF- 010

Sel f - di scharge nmechani sns are vari ed and dependent upon the

el ectrochem stry and design of the cell. Self-discharge may be
aggravated by tenperature of operation, storage, state-of-charge
during storage, or mshandling in charge/discharge control
[imts.

SEPARATORS: A material or physical separation placed between the
anode and cathode to prevent electronic contact between

el ectrodes. Separators should be perneable to the electrolyte to
al I ow maxi mum fl ow of ions between the el ectrodes. Sone battery
systens use only a physical standoff to accommpdate separation
bet ween el ectrodes, as is typical of seawater systens. O her
separators are conposed of mcro porous nenbranes, which allow a
circuitous path between el ectrodes through the nenbrane nmateria
to prevent dendritic growmhs. This type of separator is nost
common and can be found in |ithiumactives, aqueous active and
reserve cells, and nolten salt batteries.

SPI RAL WOUND: An el ectrode construction in which the el ectrodes
and separator are wound together in a jellyroll construction.
Spirally wound cells have a high surface area and are usually
used for high rate applications.

SYSTEM  For the purpose of this docunent, “the systeni refers to
the entire unit that is powered by the battery in question. For
exanple, a mssile, sonobuoy, or mne with its battery installed
woul d be a system By extension, a mssile interconnected to its
 aunch platformis also a system

TEST UNIT: For the purpose of this docunent, a test unit shal
consist of a battery inside a conplete system or a battery

i nside sufficient system conponents to simulate the
battery/systeminteractions.

THERVMAL BATTERY: A reserve battery in which all of the
conponents are solids at roomtenperature. The battery is
activated by heating to a tenperature at which the anode and
cat hode becone reactive and the el ectrol yte becomes conducti ve.
The heat source is often a pyrotechnic material which is built
into the battery and which can be renotely ignited.

THERMAL FUSE: A fusible Iink electrical element that conducts
current while it is belowa critical threshold tenperature. Once
this threshold tenperature is exceeded, the current-carrying
capacity of the thermal fuse is irreversibly term nated,
typically by nmelting a circuit breaker elenment allowing a spring
to disconnect the circuit.

THERMAL RUNAVWAY:  Any di scharge or charge condition in which a
battery's internal tenperature build-up continues until a
cell/battery failure occurs. Typical causes of thermal runaway
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events can be forced discharge of el ectrodes, which are
insufficiently wetted by el ectrolyte, or excessive discharge
currents, as in an internal or external short circuit.

UNACTI VATED: The state of a reserve cell prior to introducing an
el ectrolyte into the cell. OR The state of a thernmal battery
prior to firing the pyrotechnics that nelt the el ectrolyte.

USED BATTERY: A battery that is not fresh, i.e., it has been
partially discharged. A used battery may be re-used or it m ght
be set aside for disposal, depending on the systemrequirenents
and operating procedures.

VENT: Noun. Most cells and batteries contain a vent nmechani sm
which is designed to release internal pressure in a benign nanner
in order to prevent any violent rupture of the battery case. In
batteries which are known to rel ease a gas during nornmal use
(such as many aqueous el ectrolyte systens), the vent is often an

open hole or spring-loaded valve. |In batteries, which are
designed, to remain hernetically sealed, the vent is often an
intentionally weakened part of the cell case, which will pop open
before the case ruptures violently. Verb. The venting of a
battery is considered to be a relatively mld event. In sone
cases, it is normal; in all cases, it represents the m|dest form
of release of material fromthe battery. |If the material

rel eased i s expl osive, noxious, or toxic, even a mld venting can
be unpl easant or dangerous. (An unofficial hierarchy often goes
frommld venting to venting to vigorous venting to violent
venting with flame to explosion to detonation. In a venting, the
battery case remains intact.)

VOLTACGE DELAY: A phenonena associated with passivation | ayer
formati on on the anode of an el ectrochem cal cell where the anode
and cat hode are thernodynam cally unstable in contact with each
other or the electrolyte. The passivation |ayer causes very high
resi stance when appreciable currents are drawn due to nass
transfer limtations through the mcropores of the |ayer.

Conti nued high rate discharge disrupts the passivation |ayer and
all ows increasing amounts of current to be conducted. Voltage
del ay may be aggravated by prol onged storage at high tenperatures
and/ or operation at | ow tenperatures.
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APPENDIX B — ADDRESSES

Naval Surface Warfare Center (Code 5E30)
4363 M ssil e Way
Port Huenene, California 93043-4307

Docunents Order Desk

Def ense Printing Service

Bui | di ng 4D

700 Robbi ns Avenue

Phi | adel phi a, Pennsyl vania 19111-5094

Commandi ng O ficer, Naval O dnance Safety and Security Activity
( NOSSA) (Code N311)

Farragut Hall, Bldg. D 323

23 Strauss Avenue, |ndian Head

Maryl and 20640- 5555

Commander

NAVSURFWARCENDI V ( Code 609A)
300 H ghway 361

Crane I N 47522-5001

Naval Weapons Station (NAVWNSTA) Earle, Code O

Mat erial s Transportati on Bureau

Research and Speci al Prograns Adm nistration
U S. Departnment of Transportation
Washi ngt on, DC 20590
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APPENDIX C — SAMPLE REQUEST LETTERS

ADD APPENDI X C W TH SAMPLE REQUEST LETTERS — ONE TO NOSSA & ONE
TO CARDEROCK OR CRANE




